SUMMARY The relationship of gonococci and phagocytes in gonococcal urethral exudate was examined using a scanning electron microscope. Several stages in the phagocytic process were evident. These included pseudopodias, microvilli, and simple attachment of gonococci to phagocytic surfaces. Epithelial cells, also a part of the exudate, were examined in this study. Parallels are drawn between this and other phagocytic systems. The technique provides excellent preservation of phagocyte-bacterial interrelationships and offers a means of investigating the nature of the resistance of Neisseria gonorrhoeae to phagocytosis.
Introduction
Although the mechanism of the resistance of Neisseria gonorrhoeae to phagocytosis is not well understood, it has been proposed as a method of survival of N. gonorrhoeae in vivo (Thomas et al., 1973; Ofek et al., 1974) . Until now, most studies on the resistance of the gonococcus to phagocytosis have used mouse (Thomas et al., 1973) , rabbit and guinea-pig leucocytes (Thongthai and Sawyer, 1973) . Human neutrophils (Dilworth et al., 1975; Swanson et al., 1975c) , peripheral blood leucocytes (Punsalang and Sawyer, 1973; Ofek et al., 1974; Swanson et al., 1975b) , and mouse peritoneal macrophages (Blake and Swanson, 1975) have also been used. Recently the presence of a leucocyte association factor has been reported (Swanson et al., 1975a,c) . This nonpilar surface factor has been found to mediate the interaction between virulent gonococci and peripheral blood leucocytes in vitro (Blake and Swanson, 1975; Swanson et al., 1975c) . These studies have helped to delineate the nature of gonococcal resistance in vitro. However, many of the phagocytic cells used in these studies are not present in the host at the site of infection. The interactions of gonococci and phagocytes in vivo largely remain unknown.
Investigation of the interaction of gonococci and phagocytes has mainly used the technique of thin however, allows only a two-dimensional means of investigation.
Scanning electron microscopical examination, which allows observation of a specimen in three dimensions, provides an excellent means of studying the topographical relationship between bacteria and phagocytes. One report has appeared in which the techniques of scanning electron microscopical examination and freeze etching were used to study gonococcal urethral exudate (Farzadegan and Roth, 1975) (Fig. 2) . Microvilli are visible on the surface of these cells which lack the undulating membranes of other phagocytes. Extensive debris is often seen associated with the phagocytes (Fig. 3) , and gonococci are associated with the debris. Pseudopods are visible on the surface of the smoother phagocytes (Fig. 4) . The pseudopod in Fig. 4 shows direct contact between the membrane of the phagocyte and the surface of the gonococcus.
Many phagocytes in the exudate displayed large rotund protuberances on their surfaces (Fig. 5 ). These protuberances varied in size between cells and always appeared on cells which were devoid of membranous ruffles. Many gonococci were seen on the surfaces of the phagocytic cells (Figs 1, 3, and 6). These gonococcal cells appear to be attached to the surface of the phagocyte but are not in the process of ingestion. Gonococci which appear to be r | A gonococcus in Fig. 7 appears to be attached to the surface of the phagocyte. Another gonococcus is seen in contact with the phagocytic membrane in Fig. 8 .
Gonococci not in contact with the phagocyte surface were also present in the exudate (Fig. 9) . These diplococci appeared to adhere to one another and were not in contact with a phagocytic cell. An epithelial cell is seen in Fig. 10 . Several phagocytes are visible around the periphery of the cell. In some cases the membrane of the epithelial cell is found covering the surface of the phagocyte. Diplococci are present on the surface of two phagocytes. A higher magnification of the rough surface of the epithelial cell is shown in Fig. 11 .
Discussion
In several studies of phagocytosis, the wrinkled nature of the phagocyte surface has been noted (Warfel and Elberg, 1970; Goodall and Thompson, 1971; Klainer and Betsch, 1973; Warfel et al., 1973; Klainer and Rectenwald, 1974; Farzadegan and Roth, 1975) ; this characteristic appears to be a common phenomenon of phagocytic cells. Warfel et al. (1973) reported the presence of microvilli on the surface of peritoneal macrophages during the attachment of Brucella melitensis. The presence of pseudopods on phagocytes has been reported by various authors (Goodall and Thompson, 1971 ; Klainer and Betsch, 1973; Klainer and Rectenwald, 1974; Swanson and Zeligs, 1974) . Both microvilli and pseudopods were present on the phagocytic cells of the gonococcal urethral exudate. Klainer and Betsch (1973) studied the attachment of Staphylococcus aureus to human leucocytes and noted that cocci were attached to leucocytes by means of pseudopods or simple surface contact. Swanson and Zeligs (1974) , in the study of phagocytosis of gonococci by human leucocytes, noted the attachment of the bacteria to phagocytes by pseudopods and by surface contact. Both these means of phagocytosis have been observed in this study (Figs  7 and 8) .
In the study of the phagocytosis of latex beads by the amoeba Acanthamoeba castellanii (Goodall and Thompson, 1971) phagocytosis was observed to occur by means of filopodia and by surface contact. When a latex bead came in contact with the amoeba the wrinkled surface was found to surround and engulf it. The bulges resulting from this process are similar to the protuberances found on the surface of some exudate phagocytes (Fig. 5) . The protuberances may represent the final stage in phagocytosis by surface contact. Several gonococci were found in this study to be partially surrounded by the phagocytic membrane (Figs 8 and 9 ). These cells may be in a stage of ingestion.
Changes in the phagocytic cell surface topography during phagocytosis have not been thoroughly investigated. Studies on the phagocytosis of Escherichia coli and S. aureus by mouse peritoneal macrophages (Klainer and Rectenwald, 1974) have revealed that macrophages which were not challenged by the presence of bacteria had membranes with few ruffles or microvilli. When bacteriawereintroduced to macrophage preparations a sharp increase in the number of microvilli in each cell was noted. Membrane synthesis may be accelerated as a result of this challenge by bacteria. Phagocytic cells ingesting bacteria undergo a sudden increase in the total cell volume. At the same time surface membrane is lost to form phagosomes. While it is true that these cells do have dynamic membranes it seems logical to assume that as the loss of surface membrane continues and total cell volume increases, de novo membrane synthesis may not be able to replace the amount of surface membrane lost to phagosomes. The cellular surface would then become progressively smoother as phagocytosis continued. When this point of membrane limitation is reached it would be necessary for the phagocytic cell to synthesise surface membrane before phagocytosis could continue. As phagocytosis progressed the phagocyte surface would become increasingly less ruffled. This is supported by the studies of phagocytosis of latex beads by A. castellanii (Goodall and Thompson, 1971) , where the convolutions of the amoeboid surface became progressively shallower as the phagocytic process continued. The changes in the topography of phagocytic cells during phagocytosis have not been carefully analysed. Scanning electron microscopical examination is well suited to the study of this problem.
The infection of the male with virulent N. gonorrhoeae elicits the classical symptoms of gonorrhoea (pain upon urination and urethral discharge). The resulting purulent exudate comprises polymorphonuclear leucocytes, lymphocytes, and plasma cells which have migrated to the site of the infection. Columnar epithelial cells which have been dislodged from the urethra may also be present. Thin sections of epithelial cells removed from the urethra by gentle scraping have revealed the attachment of gonococci to urethral epithelial cells 
